The factors responsible for the explosive spread of human immunodeficiency virus type 1 (HIV-l) in sub-Saharan Africa continue to be identified and debated. One of the most controversial factors has been male circumcision. This cross-sectional study was conducted to measure the association between circumcision status and infection with HIV-1 among men with genital ulcer disease. Eight hundred and ten men participated in the study, of whom 190 (23%) were HIV-1-positive. A logistic regression model adjusted for behavioral and historical factors showed that HIV-1 positivity was independently associated with being uncircumcised (adjusted odds ratio [OR], 4.8; 95% confidence interval [CI], 3.3-7.2) and with a history of urethral discharge (adjusted OR, 2.0; 95% CI, 1.4-2.8). This association could not be explained by measures of sexual exposure to HIV-l among this population. Male circumcision should be considered as an intervention strategy for AIDS control.
Previous studies in Nairobi have found that a lack of male circumcision is strongly associated with HIV -1 seropositivity in men [9, 10] . Additional evidence of the role of circumcision has been provided by geographic studies, which have shown correlations between circumcision practices and HIV -1 seroprevalence throughout Africa [11, 12] . However, controversy continues regarding the contribution ofthe foreskin in the transmission of HIV -1, since it is difficult to separate the role of the foreskin from that of STDs, behavioral factors, and religious practices that may be associated with being uncircumcised [13, 14] .
This study was conducted to collect information on historical and behavioral factors that may account for differences in HIV-1 positivity between circumcised and uncircumcised men. Unlike previous studies in Nairobi, this study included only men with purulent genital ulcers and focused on in-depth interviews to gather potentially important historical information. This protocol selected men at high risk for HIV-1 exposure, while controlling for genital ulcer disease (GUD), which is an independent facilitator of HIV -1 transmission.
Methods Study Population and Methods
Men between the ages of 17 and 60 years with purulent genital ulcers were screened for eligibility by a clinical officer at a major referral clinic in Nairobi. Each candidate received an explanation of the study protocol and pretest counseling about HIV -1 testing. Those agreeing to participate were sent to another area of the clinic for enrollment, where witnessed verbal consent was obtained. When HIV -I testing was refused after the counseling, the case was managed by standard clinic procedures, and the patient was not enrolled. Participation exceeded 95% because of the strong interest in HIV-I testing among clinic attenders.
The interview information was collected by means of a semistructured questionnaire. The questions were pretested on 120 men with GUD before the study. Each interview was conducted em 1996;23 (September) by one of two trained nurse interviewers who had several years of experience at the clinic. The questions were asked in Swahili, which is the national language of Kenya.
A general physical examination was performed, which included a detailed genital examination. Blood was drawn for HIV-l and syphilis serology. Genital ulcers were cultured for Haemophilis ducreyi, and dark-field microscopy was performed on any atypical ulcers. Appropriate antimicrobial treatment was provided and weekly follow-up was arranged until the ulcers resolved. All patients received follow-up counseling at 1 week, and those found to be HIV-I positive were referred for additional counseling, follow-up, and support.
The study was approved by the University of Nairobi's Scientific and Ethical Review Committee.
Laboratory Methods
Cultures for H. ducreyi were performed with use of standard methods [15] . Serological testing for HIV-l was performed with an EIA (Vironostika; Organon Teknika, Geneva). Positivity of specimens was confirmed with a second HIV-1 ELISA (Berhing-Werke, Marburg, Germany). Western blotting (Biorad, Mississauga, Ontario, Canada) was used to resolve indeterminate test results. Syphilis serology was performed with rapid plasma reagin (RPR; Becton Dickinson, Cockeysville, MD) and microhemagglutination testing for Treponema pal/idum (MH-TPA; Miles Laboratories, Elkhart, IN).
Data Analyses
All P values reported are two-tailed. Univariate analysis was performed on selective variables with use of the X 2 test for categorical variables and Student's t-test for continuous variables. Nonnormal data were compared with Wilcoxon's ranksum test. Multivariate amftyses were performed with the Logistic Regression Program from STATA (Santa Monica, CA).
Results
Eight hundred and ten men were analyzed, of whom 190 (23%) were HIV-l-seropositive and 620 (77%) were HIV-lseronegative.
Characteristics associated with HIV-1 seropositivity are shown in table 1. Circumcision status was strongly associated with HIV-l positivity. Uncircumcised men comprised 45% of the HIV-l-positive group compared with 15% of the HIV-lnegative group (OR, 4.6; 95% CI, 3.2-6.6). HIV-l infection was also associated with older age (27.4 vs. 26.3 years; P = .02), a history ofGUD (OR, 1.5; 95% CI, 1.1-2.2), a history of urethral discharge (OR, 1.9; 95% CI, 1.4-2.7), and being married (OR, 1.6; 95% CI, 1.2-2.3).
HIV-1 seropositivity was not significantly associated with the number of reported sex partners (during the previous year or over a lifetime), a history of sex with prostitutes, or recent sexual contact with a prostitute. The use of condoms was low in both groups; only 31% of HIV-I-positive men and 26% of HIV-1-negative men reported ever using a condom. Table 2 analyzes the same variables as in table 1, but the data are stratified by circumcision status. Compared with circumcised men, uncircumcised men were significantly less likely to have ever had sexual contact with a prostitute (OR, 0.5; 95% CI, 0.3-0.7) or to report recent contact with one (OR, 0.6; 95% CI, 0.4-0.8). Uncircumcised men reported having had significantly fewer sex partners over a lifetime than did circumcised men (24.1 vs. 40.1; P = .02), although the median number was 20 in both groups.
Uncircumcised men were less likely to be cigarette smokers (OR, 0.3; 95% CI, 0.2-0.5) or drink alcohol (OR, 0.4; 95% CI, 0.3-0.6) but more likely to be married (OR, 1.5; 95% CI, 1.1-2.1). Other potential risk factors for HIV-l infection, such as past GUD, history of urethral discharge, intramuscular injections, and scarification, were similar between the two groups.
A multivariate model was created to evaluate the association between HIV-1 seropositivity and circumcision status, with use of HIV-1 status as the dependent variable. The model included age, marital status, GUD history, history of urethral discharge, past sexual contact with a prostitute, lifetime number of sex partners, cigarette smoking, and alcohol use. In this adjusted analysis, HIV-1 seropositivity was independently associated with being uncircumcised (adjusted OR, 4.8; 95% CI, 3.3-7.2) and with a history of urethral discharge (adjusted OR, 2.0; 95% CI, 1.4-2.8).
A second multivariate model was created to determine independent associations with circumcision status. This model contained HIV-1 serostatus, age, marital status, cigarette smoking, alcohol use, past sexual contact with prostitute(s), and reported number of sex partners in the past year and in a lifetime. In this analysis circumcision status was positively associated with being HIV-I-positive (adjusted OR, 4.6; 95% CI, 3.1-6.8) and with being married (adjusted OR, 1.5; 95% CI, 1.0-2.2), and it was negatively associated with smoking cigarettes (adjusted OR, 0.4; 95% CI, 0.3-0.6), drinking alcohol (adjusted OR, 0.7; 95% CI, 0.4-1.0), and having had sexual contact with prostitute(s) (adjusted OR, 0.5; 95% CI, 0.3-0.7).
The importance of prostitute contacts in the transmission of HIV-1 was evaluated by comparison of the reported frequency of such contacts among uncircumcised vs. circumcised men (table 3) . Among those who reported never having had sex with a woman working as a prostitute, the HIV-1 seroprevalence was 38% in uncircumcised men vs. 13% in circumcised men (OR, 4.0; 95% CI, 1.8-9.1); among those who reported~10 such contacts over a lifetime, the seroprevalence was 49% vs. 16% (OR, 6.0; 95% CI, 3.7-9.8); and among those who reported > 10 contacts, the seroprevalence was 75% vs. 25% (OR, 8.8; 95% CI, 2.3-37.5). Table 4 presents data regarding the etiologic diagnosis of GUD, stratified by circumcision status. Overall, the etiology ofGUD in 69% of circumcised and 63% of uncircumcised men was confirmed. There was no significant difference between 
Discussion
This study shows a strong association between circumcision status and HIV-I infection among men with aUD. After adjusting for demographic and behavioral variables in the analysis, we found that uncircumcised men have a >4-fold risk of being HIV-1-seropositive.
Epidemiologic explanations for the AIDS epidemic in subSaharan Africa have largely focused on the rates of partner change, the role of prostitutes, and the influence of other STDs on HIV-1 transmission. While this study supports the association of HIV-1 infection with past STDs, no association was found with reported numbers of sex partners or sex with women working as prostitutes. The strongest association in this analysis was found with circumcision status. This would suggest that in men with aUD, the high rate ofpartner change provides an essential background of HIV-1 exposure, while cofactors such as STDs and an intact foreskin enable HIV -1 transmission.
The second comparative analysis, stratifying men by circumcision status, found that uncircumcised men reported a lower number of sex partners and had less contact with women working as prostitutes. If the number of sex contacts is used as an estimator of sexual exposure to HIV-1, circumcised men appear to have more exposure with less infection. It is not clear why men in the uncircumcised group reported less sexual activity. Although cultural differences may account for this, the men who attend the clinic are relatively homogeneous with respect to their poor living conditions, erratic employment, and separation from family, which contribute to increased sexual activity.
Consistent with the reports of greater numbers of sexual contacts among circumcised men are the increased rates of cigarette smoking and alcohol consumption. Many ofthe sexual contacts described by these men are made in bars, where smoking and alcohol use is common.
Although uncircumcised men reported fewer sex partners and fewer sexual contacts with prostitutes, their history of STDs was similar to that of circumcised men. Thus, the chance of acquiring an STD appears to be increased in uncircumcised men when they are exposed. This is consistent with data from Australia indicating an increased acquisition of herpes simplex, syphilis, gonorrhea, and candidiasis among uncircumcised men [16] .
In the present study, such a difference in risk of aUD acquisition would lead to an overrepresentation of uncircumcised men in the study population, as they would more likely present to the clinic following aUD exposure. This may also explain why uncircumcised men in this study reported less sexual activity and risk behavior. If it is easier for uncircumcised men to contract GUD, then circumcised men who actually get an ulcer would on average have had more exposure to infected partners.
The high percentage of men reporting sex with prostitutes, as well as the strong association with HIV-1 seropositivity among this group, underscores the importance of commercial sex in the transmission of HIV-I and chancroid in Kenya [5, 10] . The prevalence of HIV-I infection in uncircumcised men who visit prostitutes is cumulatively much greater than that in circumcised men. For example, among uncircumcised men who reported > 10 sexual contacts with prostitutes in a lifetime, the HIV-I seroprevalence was 75%, eightfold higher than for circumcised men with the same reported exposure.
Efforts to enhance the reliability of historical and behavioral informationwere made throughout the study. However, many of the results rely on self-reported data. If the responseswere inaccurate but occurred randomly in both groups, then the results would be biased toward the null hypothesis of no association.
If, however, the responses were inaccurate and associated with the outcome variable (HIV-1 status in the first analysis or circumcision status in the second analysis), a bias would be introduced that would influence the magnitude and direction of the associations. Such nonrandom misclassification is unlikely in this study, as the patients were not aware of their HIV-1 status at the time of the questionnaire, and we could identify no bias that would systematically influence the responses to the questions.
It is biologically plausible that the presence of the foreskin enhances the transmission of HIV-1. The disruption of epithelial integrity and the recruitment of inflammatory cells to minor subpreputial inflammatory sites may permit HIV-l attachment and penetration. In addition, the environment be- neath the foreskin may allow longer viral persistence and thus a greater opportunity for viral penetration. In association with other STDs, this effect may be enhanced severalfold. Studies in the primate model have shown that the stratified squamous epithelium of the rhesus monkey foreskin contains CD4-bearing cells, which are targets for the simian immunodeficiency virus [17] . If the transmission of HIV-1 is enhanced by an intact foreskin, it would be expected that there would be an acceleration in the rate of HIV-1 seroprevalence in uncircumcised men over time. This is indeed the case at the Nairobi clinic. The HIV-l seroprevalence among men with aUD rose from 9.1% in 1986 to 13.8% in 1990 in circumcised men, and it rose from 20.0% in 1986 to 42.0% in 1990 in uncircumcised men. This translates to an annual increase in HIV-1 prevalence of 1.2% among circumcised men with aUD, vs. 5.5% among uncircumcised men with aUD [18] .
Two recent studies among different populations support the association of HIV-1 infection with a lack of male circumcision. A study among men in rural Uganda found that determinants of HIV-1 seropositivity were noncircumcision, an increased number of sexual partners, and a prior history of STDs [19] . In contrast to the present study, in which 78% of men were circumcised, only 16% of the 593 Ugandan men in that study were circumcised.
This would argue for a relationship between circumcision and HIV-l seropositivity, regardless of the proportion of circumcised men in the population. A study in the United States among homosexual men revealed a twofold risk of HIV-1 positivity among uncircumcised men, with adjustments made for other potential risk characteristics [20] .
Determination of the etiology of aUD in Nairobi and elsewhere is limited by available diagnostic methods. In the current study nearly 30% of ulcers were of unknown etiology. It is likely that a large proportion of these were chancroid ulcers not identified by culture, although other pathogens such as herpes simplex virus may play an important role. Circumcision status did not appear to favor infection with a specific pathogen, although the population was clinically selected for chancroid.
Circumcision practices in Kenya, as in other countries, generally follow ethnic lines. It is estimated that 75% of Kenyan males are circumcised by the time they reach adulthood. Clearly issues of cultural sensitivity, social acceptability, cost, and logistics must be considered before male circumcision is introduced as an intervention strategy to prevent HIV-1 transmission. However, in view of the rapid spread of HIV-1 and the lack of effective prevention strategies currently available, circumcision indeed may offer one of the few effective means of slowing the spread of HIV-l in some countries.
